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Rcccm/y. a sysrcmatic invcstigMion has ;<hown ihat 
fwctivc aggregates arc widely distributed throughout 
China. Destruction of concrete .structures caused by 
alkali -aggregate reaction (AAR) has been found in 
«ome regions in China, such as Ociiing. Shanghai. 
Sandong prevmce. etc. Up to now. there has teen 
no lundamcnial remedial method for the dcaniction 
caused 1^ AAR to huildintf,. |„ genenl. it i, known 
«haf adding mineral additives to concrete is an 
cireetive measure for preventing AAR. Investigations 
have been carried out on the effccs of silica fume lly 
ash and blast fumace slag used as mineral addii ves 
for suppre.<!sing AAR in some countries. 

In our investigation, natural zeolite was chosen as a 
new mineni additive for concrete. The suppression 
cireccs of ,,s con.ent and fineness on AAR 
systematically studied. Comparison tests with Hy ash 
b ast urnace slag and silica fume were also per-" 
fomicd. Finally, a desirable effect on preventing 
oxpaasion caused by- AAR was found in which a 
Lvpical reactive aggregate from the Beijing Yong 
Dinghe River region was used. . 
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grcc of silicon. Aggregate A wiih SJR^.= \ \4 and 
aggrcgaic B with S^/R^ = 1126 indicates chai aggre- 
gate A possesses much lower reactivity than aggre- 
gate B. 

Ccmvnt 

The ccmcni used in the tests consisted or 96% 
clinker, originating from the Beijing Liu Lihc Cement 
Plant, and 4% natural gypsum. Its specific surface 



area was 5000 cmVg. Mineral composition of the 
Clinker tt^s as follows: QS, 33-92%; C.S. 37-91%: 
CiA. 4-80-/S; C4AF. 15-96%. 

To regiilate the alkali content in cetnent. chemically 
pure NaOH was used. 

Natural zeolite 

Two kinds of natural zeolite rock were used in the 
tots One was Du Shikou natural zeolite rock from 
aicheng county. Hebei province. China, and the other 
Ohya-Rock natural zeolite rock from Japan. Their 
chemical compositions arc shown in Table 2 
W was shown by X ray difTraction that these two 
_^ «ol,tc^cks contain clinoptilofite.--^ The former con- 
tains 65% zeolite, while the latter contains 60% zco. 
ite Their Hncness is shown in Table 3. Fineness 

L;J'' ""^^ correspond ici 2510. 52X0. 6K60 
ond X820. respectively. 

Fly uxh and x/ag 

The chemical composition and phy.sical prt>pcrTfcs 
of the ny ash and blast furnace slag used in the icsuc 
arc shown in Tables 4 and 5. 
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Table 3. Fineness of natum/ zeolite rocks 
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Testing methods 

All tests were perfonned in accordance with ASTM 
C22I. C227 and C289 and GB 366-80.^ 

Proportion of mortar 

The cement to sand ratio was 1:2-25. and three 
mortar specimens 2 54 x 2 54 x 28 5 cm in size com- 
pnsc a group. The water content enabling the flow of 
mortar to reach 105-120 mm was adopted/ 

Compacting and ciinng 

Mortar specimens were compacted under constant 
conditions of 20 ±2«C in a room, and cured in a 
special^ curing container in which the temperanire was 
"'^ rclarive humidity was higher than 

Dejhrnuuion measurement 

The length of mortar bars of diTTerent ages was 
measured by a type JDY-I universal length-measuring 
instrument. Its measuring precisian is about 0 001 mm. 

E\*aioatinn tntfthtnl 

According to SOI05-«2, when the linear Tree 
expansion of the mortar bar at W and l»0 days is 
Iws rhan 0 05?'« and 01%. respectively, if the cement 
were u.scd together with reactive aggregate, no hamiful 
AAR would occur in concrete. 
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Tests and results 

Tifst series I 

The ctfccts of fhc fineness of natural zeolite powder 
on oxpaasion caused by AAR with various dosages 
vvcfc investigated. 

When reactive aggregate A was used, its content in 
aggregates was up to 100%. and the alkali content 
in cement was 1-4%. When reactive aggregate B was 
u.sed. its content in aggregates was up to 20% (the 
remainder is quartz sand which was used as a non- 
reaciivc aggregate), and the alka/i content in cement 
was 2-2%. 

The test n:.sults arc shown in Figs 2-10. 
Fn>m Figs 2-10. ive can .see ihc following: 

Ici) For aggregate A, the efTcct of natural zeolite with 
fineness I on preventing expansion due to AAR 
was not obvious, and there was little difference in 
the suppression effects between natural zeolites 
with finenesses Jl and III. The expansion uf 
specimens with 20% natural zeolite was below 
004% at ISO days. For zeolite with ftt^sticss I. 
when Its content is more than 30% the suppressing 
effect on AAR was efficient. 
(M For aggregate B (with high reactivity), the fiiiene.ss 
of the zeolite powder had a very marked effect 
on (he expansion of the mortar bar. When the 
t/i/gwri/if iM' Concrete Resean h, IWR. 50. No. I 




i^ig. J. Effevt of zet>tite powder with Jimmess U on 
cspansion corned hy aggngate .4 




Ztt, f '^'"""l '^""^ ^'»Ji'>""ss I on expansion 
can^etf tn* ttggregate B 

expansion of specimens at 91 days was less than 
0-05O/.. to obtain the same effect it needed only 
20/o zeolite powder with fineness IV. but for the 
zeolite powder with finenesses II and III. it needed 
JO/o. and for the zeolite powder with fineness f it 
needed 40%. 
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Fig. 7, Effect o{ zeolite poM-dcr w i tit fineness IV on 
expansion caused hy- 'aggresate B 

The inhibiting effect of natural zeolite powder on 
expansion due to AAR depends not only on its content 
in concrete, but also on its fineness. 

Test series II 

The inhibiting efTect of reactive zeolite on AAR 
was investigated. 

NaturaJ zeoh'te heated at 50(rc for dehydration, 
and ground to a ^cirxc surface area of 4350 cm Vg 
(residue on a 0 008 mm sieve was 6-8%) was used. 
The sand consnit^ of 20% aggregate B and 80% 
20 
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Magazine of Concrete Research, 1998. 50. No. I 



quanz sand. The alkali content in the cement was 
regulated to 2-2%. The dosages of naniral zeolite were 
10. 20, 30 and 40% (by weight of total cement). The 
test results are shown in Fig. II. The inhibition effects 
of heat-treated zeolite and normal zeolite on AAR are 
iriustrated in Fig. 12. 

From Fig. 12, it can be shown that when the 
content of heat-treated zeolite is more than 20%. the 
expansion of mortar bars at 56 days was below 0 05H. 
In comparison with nonnal zeolite (with the same 
content), the expansion of the morfar bar with added 
heat-treated zeolite can be reduced by 10-20%. 

Ten senes /// 

The suppression effect of superfine zeolite powder 
(with a specific surface area of more than 10000 
cnr/gj on AAR was investigated. 

%The sand used consisted of 20% aggregate B and 
80% quartz sand. The allcali content in the cement 
was regulated to 2-2%. The zeolite contents were JO 
20, 30 and 40% (by nuiss of cement). The test re-' 
suits are shown in Figs 13 and 14. 

From these figures, it can be shown that when the 
content of superfine zeoJire powder was more than 
the expansion of the mortar bars was about 
005% and 0-1% at 90 and ISO days, respectively. As 
a result, when the content of natural superfine zeolite 
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W n ^ 3o" 3s" 
Oong. of Hndkig nwMW! % 

Fig 14 Inhibiting effect of supafln, zeolite powder on AAR 
(at no days). I. fineness level I: I fineness le^ 1^- j 
snptrflne uolilapomler ' 

was more than 10%. the exptiuion of the mortar bar 
caused by AAR was suppressed effidenfly. 

Test series IV 

The influence of the atkali content in cement vras 
investigated. 

Zeolite powder with a specific surfece area of 
. -WOOcmVg was ^used. The sand consisted of 20% 
aggregate B and 80% qnartz sand. The alkaK content 
m cement was regulated by NaOH. and a plan of the 
irRt'lT" «• T*« »« illustrated 

Figure IS shows that for different dosages of zeo- 
lite powder the expansion of mortar caused by AAR 
increased with increasing allcali content in the cement 
But with increasing dosages of zeolite the influence of 
the alkali content in the cement on the expansion of 
moitar decreased. When the dosage of zeolite was up 
» 30% the expansion of mortar was less dian 0-05% 
even though the allcali content in the cement was as' 
high as 2-2%. 
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This was a comparison test between Ohya-Rock 
natural «ol.te n«k from Japan and Du Shikuo „ah.«, 

r./.r r ° Mfnil zeolite rock 

.s of the Coopl lolite type, with a zeolite content of 
60 .. and a specfic surface area of 4830 cm-Vg. Du 
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From Fig. 17. it can be seen that for agBregaic A 
rty ash possesses the same inhibition eflTecl on AAR 
w *e zeolites. When the dosage was 20% the ex- 
pansion of njortar was less than 0 03% at 180 «lavs. 

? 'OV. silica fume 

and 40'./. stag were needed for silica fume to produce 
the be.n inhibiting effect on AAR. 

From Fig. l». we can sec that for aggnjgate B 
«ol.,e with a 30% dosafie pomsses V same 
mhibiting effect on AAR as 15% silica fume The 
expansion of the moitar bar was about 0 05% at ISO 
^s. However, when the dosage of rty ash was up to 
30 the expansion of the mortar bar at 180 days was 
double that with jhe silica fume. Slag possesi, T 
^1 '"J'"'""*/'"'" AAR among these ih^ 
kinds of blending materials: the expansion of the 
mortar bar with a 40% content was 0-371% a, ign 
days. 



Suppression effect of natural zeoRie 

'yP" ' Soto serious cases 
of d«en,ct,on of concrete structures caused ^ ^ 
have been found in the Beijing nsgion. A>r in^- 
rhree-dimensional ctoss bn^ pSr an^aHC^' 
nmway in Fu Oenmeng. « »W 

For a long period the cement used in the B*;;; 

number of h.gh-nse building constructions in S 
region have required the use of conctetes. tbL^ 

s'Z;th"" "f-.^'""^ cemeHr^Sr:!- 
sttwgth cement (without or with adding a ^ 
blouhng material) lead, to the tende«q? of Ai^ 
"ncrete. THu^ to ensute the duraX of c^^re" 
«»w:lu,« ,„ ,hi, region, and to .educe maiw^^ 
costs, investigations on AAR i„^j. ""™«™«» 

p-e„..on .cliques n'i:;/^^^^^^^^ - 

The %ng Dinghe River region is one of the nuu*. 
sounces of sand and stone in Beijing. Imtial i^^ 

-ch a, Oolites. chei^aSritT^^icrr,^ 
and chalcedonies w«e collected and p^mTT 
test in accordance widt SDI05.82. ^ ** 

Based on the above investigations. Du Shikuo 2e«. 
lite powder with a specific surface area of wSTJ^t 
"sed in the rest, in which typij ^^y^/f 
8«g^ from the Vong Dinghe RiZ^n^oTZlS 
The lest results are illustrated in Fig. 19 

it can be seen from Fig. 19 that die expansion of 
the mortar bar without adding «olite a. 9^^180 
days IS more than 0-05 and (>|%, nbm-«^i„ J. ? 
are the ASTM limiting vl^ n^^^^L"^^ 
.he Yong Dinghe R-f ^gio^aJSc^K^JS: 
which can cause harmful expansion. When "hTJ^^ 

and the expansion of the moitar bar at 90 and Im 
days was still more than the ASTM limit. h1^' 




Tesf sen ex Ml 

rhui the AAR round ,„ the Beijing region belongs to 
.»A/ir«r/«i' i»fCtm^rvte Heseanh, 50. No. I 
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when fhc dosage of zeolite was more than 10%. the 
expansion of the mortar was greatly reduced, to below 
the ASTM limits. When the zeolite dosage was 20 and 
30%. AAR could be prevented cfTlcienlly. 



Conclusion 

When there is an alkali content in cement, whether 
or nor AAR will occur depends on the alkali reactivity 
of the aggregate, and the type of blending material 
and Its fineness and dosage. The following conclu^ 
sions can be drawn from this study: 

ia) When 30% natural zeolite powder is used to 
replace the same content of cement falkali content is 
l-82%). AAR will not take place in concrete even if 
reactive aggrefrates are used. 

(A) The inhibiting c/Tcci of natural zeolite powder 
on AAR is also related to its fineness. 

For an aggregate with high alkali mcxmty (e.g. 
aggregate B), lo suppress AAR cfncicnily. 30% 
natural zeolite powder with a specific .wrface area 
of 5000-7000 cm-7g is needed. When the specific 
surface area is up to 9000 cm'/g. about 20% natural 
zeolite powder is needed. When natural zeolite powder 
with a specinc surface area of 10000 cmVg is used, 
only a contem of 15% is needed to obtain the same 
mhibiting efTect on AAR. However, if natural zeolite 
poy»idtf with a specific .surface area of 25l0cmVe is 
used a content of 40% is required. 

For an aggregate with normal alkali reactivity (c g 
aggregate A), when 20% natural zeolite powder with 
a ftpcciTic surface area of 5000-7000 cm -/g is u."!cd 
AAR in concrete can be cfricicntly prevented, but for 
zeolite powder with a specific .-surface area of 2510 
cm-/g. 30% is needed to obtain the same inhibTtinc 
effect. " 

ic) When 20% heat-treated (under 500*Q natural 
Koljte powder is used. AAR in concrete can be 
inhibited efficiently. 



7 l^} <^<»»ten* »n cemwt is as high as 

-•-/•. If 30% natural zeolite powder with a snccWic 

?^^^^TJ^'^^^'^^^ AAR in concrete 

can be inhibited whatever kind of aggregate is used. 

inwl. Ir^ P~*«« a better 

nhibitrng effect on AAR than slag - as good as fly 

naLS r « good as silica fume. In 

part cular. for an aggregate with very high alkali 
reactivuy (e.g. aggregate B), natural zeolite powder 
can produce better inhibiting effect on AAR than fly 

rha'nit.'""" '"^^ ^^^^ 

if) For reactive aggregate from the Yong Dinche 

River region in Beijing, when the dosage of natimil 
zeohte powder (with a spcciHc surface area of about 
7000 cmVg) IS more than 10%. the expansion of the 
mortar bar at 90 and 180 days is below ASTM limits 
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